Recent studies have revealed an inverse association between height and cardiovascular disease and that endothelial progenitor cells (CD34-positive cells) contribute to vascular maintenance, which is associated with cardiovascular disease. However, evidence of the association between height and CD34-positive positive cells among elderly participants is limited. To assess this association, we conducted a cross-sectional study of 231 elderly Japanese men aged 65-69. Since enhanced production of circulating CD34-positive cells in response to endothelial injury might act have a strong confounding effect on the association between height and circulating CD34-positive cells, the median value for the levels of these cells (0.93 cells/μL) was used to stratify the participants. Multivariable linear regression analysis demonstrated that height was significantly positively associated with circulating CD34-positive cells for those participants with low levels of circulating CD34-positive cells (n=114) but not for those with higher levels (n=117), with a multi-adjusted standardized parameter estimate (β) of 0.27 (p=0.008) for low and 0.11 (0.275) for higher circulating CD34-positive cell levels. The positive association is limited to participants with relatively low circulating CD34-positive cell levels, whose productivity of these cells is not activated. Our findings indicate that height is an indicator of vascular maintenance capability in elderly Japanese men.
INTRODUCTION
Many recent studies have reported an inverse association between height and cardiovascular disease including stroke incidence [1] [2] [3] [4] . In addition, our previous studies indicate that the risk of stroke for participants with short stature could not be explained by the existence of atherosclerosis but could be explained by a lower capability for vascular maintenance [4] [5] [6] [7] [8] [9] .
On the other hands, CD34-positive cells constitute a known factor that contributes to endothelial repair [10] in conjunction with platelets [11, 12] . Further, the number of circulating CD34-positive cells could indicate capability for endothelial maintenance [13] [14] [15] . Therefore, the association between circulating CD34-positive cell levels and height could have an effect on vascular maintenance capability [8, 9] .
However, we also reported in a previous study that aggressive endothelial repair not only causes the elevation of circulating CD34-postive cells by increasing the activity of CD34-positive cell production but also causes consumptive reduction of circulating CD34-positive cells [14] [15] [16] [17] . Therefore, consumptive reduction following increased production of CD34-positive cell might have a strong confounding effect on the present analysis. Since a high level of CD34-positive cells (≥median value) can be assumed to be associated with endothelial injury [18] , limiting the participants of the analysis to those with low levels of CD34-positive cells could reduce the influence of this confounding factor.
To evaluate the impact of height on vascular maintenance capacity for elderly participants, we conducted a crosssectional study of 231 elderly Japanese men who participated in a general health check-up in 2013-2015.
RESULTS
No significant correlation between height and age was observed among the present study population, with a simple correlation coefficient of (r) = -0.12 (p=0.08). The median circulating CD34-positive cells count for this population was 0.93 cells/μL.
Characteristics of the study population dichotomized according to circulating CD34-positive cell levels based on median values are shown in Table 1 . Participants with higher circulating CD34-positive cell levels showed significantly higher white blood cell and platelet concentrations than did those with lower circulating CD34-positive cell levels.
Since platelets constitute a contributing factor to endothelial repair (vascular maintenance) in association with CD34-positive cells [11, 12, 17] , and hypertension can be assumed to mask the beneficial effect of circulating CD34-positive cells on endothelial repair [14, 15] , we performed a hypertension status stratified analysis to evaluate the production and consumptive reduction of circulating CD34-positive cells. As for non-hypertensive participants, no significant association between platelets and circulating CD34-positive cells was observed for participants with lower circulating CD34-positive cell levels, but significant positive associations were observed for the participants with higher level. As for hypertensive participants, although no significant association between platelets and circulating CD34-positive cells was observed for participants with lower circulating CD34-positive cells level, a significant inverse association was observed for those with higher levels (Table 2) .
Simple correlation coefficient (Table 3 ) and simple linear regression analyses (Figure 1 ) of associations between circulating CD34-positive cells and height showed significant positive associations only for participants with lower circulating CD34-positive cells levels. Those associations remained unchanged even after adjustments for other possible confounding factors (Table 4) . (Table 5 ).
To evaluate the production and consumptive reduction of circulating CD34-positive cells in all participants, including those with over-nutrition (BMI≥25kg/m 2 ), we also performed a hypertension status stratified analysis for any associations between platelets and circulating CD34-positiv cells. We found associations essentially similar to the main results even though the inverse association which was observed among hypertensive participants with higher circulating CD34-positive cells became of no significant value (Table 6 ).
DISCUSSION
The main finding of our study of elderly Japanese men is that circulating CD34-positive cell concentration is positively associated with height for participants with lower circulating CD34-positive cell levels but not for participants with higher levels. However, consumptive reduction followed by an increase in production of CD34-positive cells may well mask this positive association between height and or circulating CD34-positive cells for participants with higher circulating CD34-positive cell levels.
AGING
We previously reported identification of a positive association between height and circulating CD34-positive cells for participants with systolic hypertension but not for those with non-systolic hypertension [8] .
However, hypertension is a well-known strong endothelial impairment factor. Since damage to endothelial cells stimulates the production of CD34-positive cells, CD34-positive cell concentration should be elevated in participants with hypertension. On the other hand, aggressive vascular repair (endothelial repair) might cause a consumptive reduction in circulating CD34-positive cell levels since the quantity of those cells can be differentiated into mature cells such as endothelial progenitor cells and foam cells platelets [11, 12] . This explains why consumptive reduction of circulating CD34-positive cells could be observed in participants with higher circulating CD34-positive cell levels but not in those with lower levels. Higher circulating CD34-positive cell levels can therefore be assumed to act as a strong confounding factor on analyses pertaining to associations between height and circulating CD34-positive cells.
Further, platelets have been revealed to be closely related to CD34-positive cells during vascular repair [11, 12] . However, even if both platelet production and CD34-positive cell production are stimulated by endothelial injury, aggressive endothelial repair (a cause of atherosclerosis) might result in consumptive reduction of CD34-positive cells but not of platelets because there is a sufficient quantity of platelets [17] . Therefore, the association between platelets and circulating CD34-positive cells could aid evaluation of the influence of stimulated production and consumptive reduction of circulating CD34-positive cells. For our study participants with higher levels of circulating CD34-positive cells, a significant positive association was observed between platelets and circulating CD34-positive cells among those without hypertension, and a significant inverse association among those with hypertension (Table 2 ). However, those significant associations were not observed among participants with lower levels of , even an inverse association between platelets and circulating CD34-positive cells was observed for hypertensive participants with higher circulating CD34-positive cell, although the statistical power did not reach significance (Table 6 ). Since arterial stiffness, which is the result of aggressive vascular repair (endothelial repair), is positively associated with BMI [19] [20] [21] , participants with over-nutrition (BMI≥25kg/m 2 ), which the World Health Organization (WHO) has agreed upon as an international classification of overweight [22] , may well have a higher activity of CD34-positive cell production, which is likely to weaken the influence of consumptive reduction. In fact, in our previous studies we reported significant positive associations between circulating CD34-positive cells and BMI [14, 17, 18, 23, 24] .
For participants with low levels of circulating CD34-positive cells, we found a significant positive association between height and circulating CD34-positive cells. Bone marrow activity has recently been revealed to be closely associated with vascular maintenance since hematopoietic stem cells (immature cells such as CD34-postive cells) derived from bone marrow reportedly play a major role in vascular homeostasis [10, [25] [26] [27] [28] . It is known that hematopoietic bone marrow activity declines with age [29] [30] [31] [32] , and because height may be positively correlated with total bone marrow volume, it may also influence the agerelated decline in hematopoietic bone marrow value, which in turn may exert a crucial influence on the association between height and vascular maintenance capability. Previously, we reported that height is significantly positively associated with hematopoietic capability [9, 33] , as evaluated in terms of reticulocyte level, and inversely associated with normocytic normochromic anemia among elderly men [34] . These studies support the hypothetical existence of such a mechanism.
Although our present study employs a small sample size, it is the largest study in the world that deals with circulating CD34-positive cells among the general elderly population who are selected in a strict manner as like previous of our study [8, 9, 33 ] -subjects were restricted to men in a narrow age and normal BMI range because gender differences, age and high BMI can act as strong confounding factors on the association between height and other variables [35] .
Potential limitations of this study warrant consideration. Because creatinine clearance data were not available and estimated glomerular filtration rate (GFR) is not an effective tool for evaluating kidney function for determining the latter's associations with various body heights [4] [5] [6] [7] 33 , 34], we were not able to perform an analysis adjusted for exact renal function. However, our study showed that the association between height and circulatory CD34-positive cell remained significant even after adjustment for serum creatinine. Although significant associations exist between height and AGING hematological parameters such as platelet and reticulocyte counts [9, 33, 34] , no data was available with regard to the evaluation of endothelial function. Further analyses that include endothelial function-related data such as flow mediated dilation (FMD) will be necessary. Additionally, because this was a crosssectional study, causal relationships could not be established. However, since height can be regarded as a surrogate marker of childhood social and physical conditions and the target population in the present study was elderly men, we believe this investigation to some extent has the characteristics of a prospective study. Nevertheless, further prospective population-based studies are needed to eliminate the possibility of causal relationships.
In conclusion, circulating CD34-positive cell levels are positively associated with height for participants with relatively low circulating CD34-positive cell levels but not for those with higher levels. Consumptive reduction followed by an increase in production of CD34-positive cells may well mask this positive association between height and circulating CD34-positive cell levels. Our results indicate that height is an indicator of vascular maintenance capacity in elderly Japanese men.
METHODS

Study population
To avoid the influence of age on height, this study was comprised of subjects in a narrow age range as like previous studies [8, 9, 33] . The study was conducted during a medical screening program for members of the general population aged 65-69 years who were living in Goto city and Saza town, Nagasaki Prefecture, Japan. A total of 409 Japanese men aged 65-69 years were enrolled after their informed consent had been obtained.
To avoid the influence on the study analyses of inflammatory and hematological diseases, participants with high and low white blood cell counts (≥10,000 cells/μL (n=2) and 1,000 cells/μL< (n=1), respectively) were excluded. Additionally, to avoid the influence of bone marrow-activating medication, participants taking medicine for anemia (n=3) were excluded. Participants lacking evaluable laboratory data (n=59) were also excluded, as were those with low body mass index (BMI) (<18.5kg/m 2 ) (n=14) and high BMI (≥25.0kg/m 2 ) (n=99) in order to avoid the influence of malnutrition which could be associated with chronic disease and over-nutrition which could be associated with active endothelial repair. As a result, a total of 231 participants were eventually enrolled in the study. This study was approved by the Ethics Committee for Human Use of Nagasaki University (project registration number: 14051404).
Data collection and laboratory measurements
Body weight and height were measured with an automatic body composition analyzer (BF-220; Tanita, Tokyo, Japan), after which BMI was calculated. Systolic and diastolic blood pressure were recorded at rest.
Fasting blood samples were collected in a heparin sodium tube, an EDTA-2K tube, a siliconized tube, and a sodium fluoride tube. Fresh samples from the heparin sodium tube were used within 24 hours after collection to determine the number of CD34-positive cells. BD Trucount TM technology (Beckton Dickinson Biosciences, San Jose, CA), an accurate and reproducible single platform assay, endorsed in the International Society of Hematotherapy and Graft Engineering (ISHAGE) guidelines [36] and supported by automated software on the BD FACSCant TM II system, was used to measure the number of circulating CD34-positive cells.
White blood cell and platelet concentrations in samples from the EDTA-2K tube were measured at SRL, Inc. (Tokyo, Japan) with an automated procedure. Serum triglycerides (TG), serum high density lipoprotein cholesterol (HDLc), serum γ-glutamyltranspeptidase (γ-GTP), hemoglobin A1c (HbA 1C ), and serum creatinine were also measured at SRL, Inc. with standard laboratory procedures.
Statistical analyses
For analysis of circulating CD34-positive cell levels, the participants were stratified into those with higher and lower levels since the influence of the consumptive reduction of circulating CD34-positive cells, which might act as a strong confounding factor on the association between height and circulating CD34-positive cell levels, can weaken in participants with lower levels.
Characteristics of the study population stratified by circulating CD34-positive cell level were expressed as mean ± standard deviation. Circulating CD34-positivespecific simple correlation analysis was used to calculate circulating CD34-positive cell and platelet levels according to hypertension status. we defined hypertension according to previous studies [8, 14, 15, 17] , namely, a systolic blood pressure ≥ 140mmHg and/or a diastolic blood pressure ≥ 90mmHg.
AGING
A simple correlation analysis and multiple linear regression analysis of circulating CD34-positive cells with relevant factors adjusted for confounding factors based on circulating CD34-positive cell levels were also performed. For the multiple linear regression analysis, adjustments were made for age, systolic blood pressure mmHg), BMI (kg/m 2 ), as well as concentrations of HDLc (mg/dL), TG (mg/dL), γ-GTP (IU/L), HbA1c (%), serum creatinine (mg/dL), and white blood cells (cells/μL). Because CD34-positive cells,TG and γ-GTP had a skewed distribution, logarithmic transformation was used for these factors.
For sensitivity analysis, we performed an analysis of the relationship between height and circulating CD34-positive cell by using quartile levels of circulating CD34-positive cells, and we also reused the models but with inclusion of participants with over-nutrition.
All statistical analyses were performed with the SAS system for Windows (version 9.4:); SAS Inc., Cary, NC). All p-values for statistical tests were two-tailed, and values of <0.05 were regarded as statistically significant.
